The graft copolymerization was carried out under nitrogen atmosphere using the free radical initiation technique. The blend formulations were first dry blended using a mixer before being milled into sheets on a two-roll mill at 170 o C, and then hot pressed into composites specimens at 175 o C for 10 min. The flexural strength and modulus of ungrafted composites increased with increasing filler content from 2 to 10 part per hundred resin (phr) while the grafted composites also increased only from 2 to 6 phr filler content. The flexural modulus of ungrafted was higher compared to the grafted composites whereas the grafted showed good flexural strength than ungrafted composites. The impact strength of both composites decreased with increasing filler content but the ungrafted composites showed good toughness than grafted composites. The thermal stability of both composites increased compared to unfilled PVC.
Introduction
More than half of all poly (vinyl chloride) ( PVC) polymer produced annually in the United States is used in the manufacturing of products consumed by the building industry [1] . This is because of the versatility, performance, easy installation and cost effectiveness of PVC. Focusing on versatility PVC is able to be incorporated with additives to suit many different applications. Compounding PVC with organic filler such as chitosan is a convenient and efficient method for cost reduction and property improvement.
Chitosan is a homopolymer of N-acetyl glucosamine. It is high molecular weight with a unique basic polysaccharide [2] . Chitosan, which is known as biodegradable polymer can be copolymerized with PMMA and the properties of the graft copolymer can be tuned properly by adjusting the concentration of the reactants. Basically, chitosan grafted with polymers is to improve its adsorption and mechanical properties [3] .
There are few reports on grafting of poly (methyl methacrylate) (PMMA). Lagos and Reyes [4] were studied on the grafting of PMMA onto chitosan with Fenton's reagent as a redox initiator. Abu Bakar et al. [5] studied on optimized conditions for the grafting reaction of poly (methyl methacrylate) onto oil-palm empty fruit bunch fibres. The graft technique of chitosan was being applied in this study based on grafting technique Abu Bakar et al. [5] in order to enhance the interaction of chitosan and PVC. The properties of the grafted copolymer depend not only on the type of monomer but also on the percentage and efficiency of grafting and distribution of monomer units. Lagos and Reyes [4] have found with a conclusion that the optimum conditions for reaction period, reaction temperature, monomer, initiator and co-catalyst concentration (Fe 2+ : H 2 O 2 ) and chitosan weight were 2 hr, 70 o C, 0.216 g/mL (3.0 mL), 0.01, 0.3 g respectively. However, they never incorporated the grafted chitosan into the polymer matrix. Therefore, in this study by using the optimum condition reported by Lagos and Reyes [4] and the grafting technique reported by Abu Bakar et al. [5] , PMMA was grafted onto the chitosan and then the grafted-chitosan filler was filled into the PVC matrix to produce a chitosan-g-PMMA/PVC composite. The flexural properties, impact strength, and thermal degradation of ungrafted and chitosan-g-PMMA/PVC composites were mainly evaluated.
Experimental

Material
The suspension PVC resin used in this study, with solution viscosity constant (K) value of 66 (trade name MH-66), was purchased from Industrial Resin Malaysia (IRM) Sdn Bhd. The additives added into PVC formulation were also supplied by IRM. Chitosan from shrimp shell with medium molecular weight and degree deacetylation (75%-85%) in a powder form and yellow in colour were purchased from Sigma Aldrich (Malaysia).
Preparation of Chitosan-grafted-PMMA/PVC composites
The blend formulations consist of 100 phr of PVC, 2 phr tin stabilizer, 0.5 phr calcium stearate, 0.6 phr stearic acid, 1.5 phr acrylic polymer and 4 phr titanium oxide. The filler content of chitosan and chitosan-g-PMMA was varied from 2, 4, 6,8,10 phr. The blend formulations were first dryblended. The dry-blended formulations were then melt-blended and sheeted using a laboratory tworoll mill at 170 o C for 10 min. The milled sheet was then placed into a mould and hot pressed at 175 o C at 15 min, with a 5 min preheating period. The mould was cooled for 5 min before the specimens were removed from the mould cavities.
Mechanical properties
The flexural test was conducted on the Instron Machine Model 4301 according to ASTM D 790-97. The Izod impact test was carried out according to ASTM D256-88 at room temperature using a Toyoseiki pendulum impact tester. All reported values for the test were the average of five specimens.
Thermogravimetry analysis (TGA)
A Perkin Elmer-TGA 7 thermal analyser was used for the thermal degradation study. Samples (10mg) were scanned from 35 o C to 600 o C at a heating rate of 10 o C min -1 . Each sample was placed in an open alumina sample pan. The purge gas used was nitrogen at a flow rate of 20 ml/min.
Result and discussion
Graft copolymerization reaction analysis
Based on the optimum conditions, the percentage of grafting obtained in this study was 449.16%. This percentage indicates the PMMA was grafted onto the chitosan fillers surface. Fig. 1(A) shows the flexural modulus of the ungrafted and grafted PVC composites. The flexural modulus of ungrafted composite increased steadily with increasing of ungrafted chitosan filler content from 2 to 10 phr, whereas the grafted composite only increases from 2 to 6 phr filler content. This result indicates that the stiffness of ungrafted and grafted composites increases with the addition of chitosan. However, the flexural modulus of ungrafted composites is higher than grafted composites. This might be due to the difference shape and size of ungrafted compared to grafted chitosan. Ungrafted chitosan has an ability to stiffen and strengthen the PVC due to its thin platy and flaky nature. Besides that, the plate-like structure of ungrafted chitosan particles oriented parallel to flow direction throughout the composite and deeply embedded in the fracture PVC
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Technology and Engineering Reviews and Research Advances I matrix surface. Ungrafted chitosan also have smallest particles size compared to grafted chitosan, with the smallest particles size has a good contact area with the matrix and consequently increased the restriction of the matrix ability.
A B Fig.1 
. Effect of ungrafted and grafted on the flexural modulus (A) and flexural strength (B) of composites
Flexural strength Fig. 1(B) shows that flexural strength increases gradually with increasing of ungrafted chitosan from 2 to 10 phr, whereas ungrafted composite increased only from 2 to 6 phr. The slightly increased flexural strength of grafted composites filler content from 2 to 6 phr indicates that the interaction formed is probably strong to contribute an increment in flexural strength. However, from 8 to 10 phr the grafted composites decreased gradually indicates that the aggregation of grafted filler in PVC matrix would reduce the contact area which decrease the effective interfacial interaction and the flexural strength. This result are contradicted with Shah et al. [6] they reported that the chitosan had no significant effect on flexural properties of PLA/wood flour composites with various chitosan contents. Therefore, in this study the chitosan filler content improves the flexural properties of composites. Figure 2 shows that impact strength of chitosan/PVC and chitosan-g-PMMA/PVC decreased with increasing filler content. However, the ungrafted composites shows good toughness compared to grafted composites. This might be due to the related stiffening effect of ungrafted composite and decreased deformability of a rigid interface between chitosan and matrix polymer. In order to create toughening effect, the filler particles must debond from the matrix with a suitable interfacial interaction. Too strong interfacial adhesion leads to no debonding of particles from the polymer matrix, while too weak interfacial adhesion leads to no stress transferred from matrix to filler particles [7] . Besides that, the agglomeration reduces the toughening effect for its introducing defects to composites and increasing the dispersed size of filler particles. In this study, PMMA was grafted onto chitosan surface but the grafting percentage of chitosan-g-PMMA was too high which is 449.16%. This might cause too strong interfacial adhesion from chitosan-g-PMMA fillers to PVC matrix.
Impact strength
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Fig.2. Effect of ungrafted and grafted on the impact strength of composites
Thermal degradation
TGA was performed on the PVC compound, ungrafted and grafted composites. There are two stages of thermal degradation of all samples. The similar results on PVC compound and composites has also been reported by other researchers [8, 9] . The first step corresponds to the weight loss caused by the dehydrochlorination of PVC, while the second step presents the total weight loss resulting from the degradation of the dehydrochlorinated residuals. Table 1 shows TGA and DTG of ungrafted composites. This thermal behaviour reflects that, the chitosan filled PVC composites have their own behaviour in which PVC decomposes rapidly. While blending PVC/chitosan retards the decomposition of PVC. This can be attributed to the dipole-dipole interaction between C-N bonds in chitosan and the polar C-Cl bonds present in PVC. Based on Table 1 , T onset 1 of ungrafted composites increased compared to unfilled PCV. This indicates that the presence of chitosan in PVC matrix increased the thermal stability of the composites. The T onset 1 is associated with the degradation of chitosan backbone degradation resulting from saccharide ring dehydration [10] , due to the existence of chitosan in the composites. On this study, the ungrafted chitosan have smaller particles size compared to ungrafted chitosan. This is because the smaller particles size absorbed the heat energy more rapidly. Table 2 shows the TGA and DTG of grafted composites. From Table 2 , the thermal degradation of grafted composites shifted to a higher temperature at the T onset1 as compared to ungrafted composites because PMMA has a good thermal stability. The degradation temperature of grafted composites was higher compared to ungrafted PVC this is due to the ability of the PMMA to envelope the chitosan surface. The grafted chitosan acted as an insulative carbonaceous char barrier therefore inhibiting early degradation [5] .
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Conclusions
The flexural modulus and flexural strength of the ungrafted composites increased with increasing filler contents,while the grafted composites increased from 2 to 6 phr and decreased from 8 to 10 phr. The impact strength of both composites decreased gradually with increasing filler content. The thermal stability of both composites is higher than unfilled PVC.
